Abstract. In this work, the author tries to trace a route of shape memory materials from their definition, in terms of experimental observation and physical model to the application, especially in mechanical actuators and in device adopting this type of actuators.
An interesting field of research is on the constitutive model of materials. Zhu Y., Zhang Y., and Zhao D. [4] shows a micromechanical constitutive model for phase transformation of NiTi polycrystalline SMA. By the assumption of laminated microstructure and perfect interfacial relationship for NiTi single crystal transformation, microscopic strain for each phase can be transformed to overall strain of respective volume element, and expression of phase transformation driving force is derived, then control equation of phase transformation is constructed. Based on the single crystal model, the NiTi polycrystalline constitutive model is constructed by Taylor assumption.
Zhou B. and Yoon S.H.
[5] developed a macroscopic constitutive model of shape memory alloy considering cyclic effects. The progressive decrease of phase transformation critical stresses with the increased cycle number in such materials is assumed to be a result from the progressive increase of phase transformation critical temperatures upon the cyclic effects. A cyclic evolution equation is supposed to describe the influences of cycle effects on the material properties of the SMA under cyclic loading. A phase transformation equation expressing the phase transformation behaviors of the SMA under cyclic loading is established based on the differential relationship between martensitic volume fraction and the free energy increment of phase transformation. A mechanical constitutive equation predicting the mechanical characteristics of the SMA under cyclic loading is developed on the basis of thermodynamics and continuum mechanics. Song Z., Dai H.H., and Sun Q.P.
[6] worked on the propagation stresses in phase transitions of an SMA wire with new analytical formulas based on an internal-variable model. Based on the constitutive model in the literature with the specific Helmholtz free energy and rate of mechanical dissipation, the three-dimensional model is formulated. Identifying the characteristic axial strain as the small parameter, they arrive at the asymptotic one-dimensional equation which involves the stress, the axial strain and the phase state variable. By considering the evolution law of the phase state variable, the stress-strain relations corresponding to austenite, martensite and phase transition (phase mixture) regions are obtained. Although they take the dissipation into consideration, they find that each of the pure loading and unloading processes is equivalent to the Ericksen's bar problem with three branches in the stress-strain curve. As a result, they successfully deduce the analytical formulas for the nucleation stresses and propagation stresses.
Fonseca M.A., et al. [7] , in their work, described a new class of shape-memory materials (SMMs) for applications in active control and morphing structures. These SMM can be metallic alloys (SMAs), piezoelectric, and polymers such as polyurethanes (SMPUs). The latter detain higher recovery rates but better processability; however, the reaction time is longer when compared with the SMA. The addition of carbon nanotubes (CNTs) to SMPU seems to improve its overall properties with a great deal of potential in what concerns improved shape memory.
Revathi A., et al. [8] described the effect of strain on the thermomechanical behavior of epoxy based shape memory polymers. They studied the effect of deformation strain on the thermomechanical (TM) behavior of a commercially available bifunctional epoxy resin modified with 5 % carboxylterminated butadiene acrylonitrile (CTBN). The results were compared with those for the unmodified epoxy SMP. The cyclic thermomechanical tests performed here prove that the CTBN-epoxy SMP has a better endurance than the unmodified epoxy SMP, as well as enhanced shape-recovery characteristics.
Aggogeri F., et al [9] used Phase Change Materials in Machine Tools (MTs) thermostabilization in an inverse way to maintain the shape over a temperature exchange. By considering the main issues related to the thermal stability, authors presented the application of novel multifunctional material to Machine Tools structures. A set of advanced materials are considered: aluminum foams, corrugatecore sandwich panels and polymeric concrete beds. The adopted solutions have been infiltrated by phase change materials (PCMs) in order to maintain the thermal stability of MTs when the environmental temperature is perturbed.
Wang H.L., et al.
[10] studied the stochastic bifurcation and first-passage failure of shape memory alloy beam subjected to stochastic excitation. Based on the isostrain loading and unloading experimental data of SMA (shape memory alloy), the van der Pol cycle model was used to characterize the hysteretic nonlinearity of material. According to the theory of elastic and Galerkin's method, the vibration model was built for the beam excited by the Gaussian noise. The Hamilton function was taken to describe the one dimensional diffusion process by using stochastic average method for quasi-non-integrable-Hamiltonian systems. Using the largest Lyapunov exponent and the singular boundary theory simultaneously, both the local and global stability of the system were studied. The stochastic Hopf bifurcation was analyzed by observing the changes of stationary and joint probability densities. Finally, the Backward Kolmogorov equation for the reliability function and the first-passage time was established and the numerical results were given under designated boundary and initial conditions.
Interesting stochastic models were build up for different materials [11, 12] incorporating the stochastic characteristic in the parameters of the material, that are considered as imperfectly known. This error in the knowledge of such parameters is then transferred to the prediction of the stochastic behavior of the material.
These innovative materials [13] are complex to modelize and often FEM approach are used [14] non-linear consitutive laws must be considered. A main lack of these materials for mechanical power generation ist he low enrgy efficiency associated with the thermomechanical conversion, thus proper energy saving tecniques must be implemented to obtain further interesting results [15, 16] . Furthermore the finishing of the material can play a role in thermic exchange thus proper evaluations of surface treatments must be taken in consderation [17] .
State of the art on systems
Shape memory materials are usually used to realize movements [18] , where these movements can be, under some considerations, designed with the well-known approaches just used for different industrial devices [9, 19-23]. Due to their compactness, shape memory systems used in micro-devices, where the connection between elements can be properly realized with flexure hinges [24] or, more generally, with flexible elements [25] [26] [27] [28] [29] .
Degeratu et al. [30] proposed a thermal study of a shape memory alloy (SMA) spring actuator designed to insure the motion of a barrier structure.
Borboni et al. [31] [32] [33] designed a modular SMA actuator. The actuator is able to perform linear movements, while the modularity allows force and/or stroke improvements.
Clausi et al. [34] realized a robust actuation of silicon MEMS using SMA wires integrated at wafer-level by nickel electroplating. The integration method provides both high bond strength and electrical connections in one processing step, and it allows mass production of microactuators having high work density. SEM observation showed an intimate interconnection between the SMA wires and the silicon substrate. The variation of the actuators' performance across the wafer was evaluated on three 4.5 mm × 1.8 mm footprint devices, proving repeatable results. The actuators showed a mean hot state deflection of 536 μm and a mean stroke of 354 μm at low power consumption (less than 70 mW). One actuator was tested for m150 × 10 3 cycles, and it demonstrated a highly reliable long-term performance, showing neither material degradation, nor failure of the nickel anchors.
Borboni et al. [19] proposed a fiber shaped micro-actuator for robotic gripping. This prototype is based on a shape memory alloy (SMA) actuator, on a dedicated PI controller and on software to command a desired motion profile for the actuator. The proposed micropositioning system is characterized by a 4 mm stroke, a 1 μm resolution and a 70 g nominal force and can be commanded directly by a personal computer and without a human retroaction. The closed loop positioning resolution (1 μm) is obtained in spite of an inaccurate system behavior during its movement.
SMA actuators are used in different applications to realize complex machines. Furst et al. [35] realized a bat-inspired flapping-flight platform using shape memory alloy muscles and joints.
Amici et al. [25, 36] designed a parallel compliant meso-manipulator for finger rehabilitation treatments. Tiboni et al proposed a pneumatic mini-valve [37] . Kheirikhah et al. [38] proposed a new biomimetic earthworm robot for endoscopy actuated by SMA wires. Taveggia et al studied a rehabilitation device realized with SMA components [39, 40] .
Conclusions
The research on shape memory materials and their applications is gaining new important results. The most new results on constitutive models are especially devoted to implement non-linear complex behaviors and stochastic characteristics. New materials show the possibility of combination of different materials (polymeric and metallic) to realize a multifunctional smart material system. Different applications are present in the most recent literature especially in robotics, welfare applications and bio-mimetics. 
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